1.
Introduction 24
25
The Gulf Stream (GS) system, a major oceanic feature in the North Atlantic, 26 spans a large spatial extent. It starts as the Florida Current along the southeastern shores 27 of the US, where it is composed of the wind-driven western boundary current (WBC) and 28 of the loop current in the Gulf of Mexico turning around the tip of Florida. Between 25˚N 29 and 35˚N, over a distance of 1000 km, it gathers transport to grow from a 25 Sv current to 30 a 90 Sv [Halkin and Rossby, 1985] energetic stream. This northward WBC then 31
separates from the coast near 35˚N, 75˚W and meanders northeastward. Between 75°W 32 and 65˚W, over a distance of almost 1000 km, the GS has large-scale (long-wavelength) 33 meanders. It is in this region, where instabilities grow and propagate to the east, that more 34 rings get reabsorbed than form [Lee and Cornillon, 1996] . 35 36 From 60˚W to 45˚W, over the next 1500 kilometers of its path, the GS generates 37 large-amplitude meanders and forms frequent eddies on both sides (warm-and cold-core 38 rings) [Brown et al., 1986; Cornillon, 1986; Cornillon et al., 1987] . Further west, 39 between 75˚ and 60˚W, the stream is joined by recirculation from the south and from the 40 north [Hogg, 1992; Gangopadhyay et al., 1997] , which adds transport to reach a 41 maximum of 150 Sv at 60˚W. East of 60˚W, the stream loses part of its transport via ring 42 formation and mass exchanges by feeding the recirculation gyres on both sides. In 43 addition, the stream loses part of its transport to the Slope Current flowing to the 44 northeast around 55˚W [Fratantoni and Pickart, 2007] . 45 47 km in the Atlantic basin, would respond in a complex manner to the large-scale 48 atmospheric system that overlies this ocean and the underlying thermohaline circulation. 49
The large spatial extent of the stream might not respond to the overlying wind field as a 50 single entity. In fact, different segments of the stream may respond differently to the 51 large-scale wind pattern, which is often represented by a single index, the North Atlantic 52
Oscillation (NAO). Quantifying the dynamical linkages between the NAO and different 53 parts of the GS would be a challenging undertaking, and the reader is referred to a recent 54 historical perspective of such challenges described by Taylor (2011) . Our focus here is on 55 the possibility of different time-scales in the response signal of the GS along its path. 56
Specifically, we propose to address a single primary question: Does the Gulf Stream 57 system respond at different temporal scales east and west of 60-65˚W? And, if so, might 58 these different time-scales relate to the different forcing mechanisms mentioned above? 59
We present evidence for an affirmative answer using past observations and available 60 model results. 61
62
The thermohaline linkage between the GS and the atmosphere is rather indirect. It 63 is affected by convection in the Labrador Sea [Myers et al., 1989; Dickson et al., 1996] 64 and subsequent advection of Labrador Sea Water (LSW) in the upper branches of the 65
Deep Western Boundary Current (DWBC) in the slope waters south of the tail of the 66 Grand Banks [Pickart et al., 1999] , and via the Labrador Current around the tail of the 67 Grand Banks [Smith et al., 2001] . The time-scales of this interrelationship remain 68 somewhat elusive. Many of the recent studies [Rossby, 1999; Rossby and Benway, 2000 ; 69 stress and SST. They found a fast-response lag-time of 1 year, attributable to the 93 buoyancy forcing by the recirculation gyres, and a slow-response lag-time of 9 years, 94 attributed to large-scale wind stress forcing. Their study could not validate the notion of 95 the GS impacting the large-scale atmosphere, as was hypothesized by Joyce et al. [2000] . 96 Eden and Willebrand [2000] used a 4/3 o model with 45 levels and showed that intense 97 convection related activities in the Labrador Sea might impact the GS system with 98 timescales of 6-8 years. 99
100
The present paper uses the NAO winter index as a guide to the characteristic time-101 scales of the variability of the North Atlantic atmosphere. It is well known that the 102 strength of the NAO does directly influence the North Atlantic Ocean [Walker and Bliss, 103 1932; Hurrell et al., 2000 Hurrell et al., , 2001 . The NAO index itself has a rich blend of low 104 frequencies. Cook et al. [1998] found concentrations of spectral power around periods of 105 24, 8 and 2 years; however, they also identified a multi-decadal signal at 70 years. It is 106 worth noting at this time that Wunsch [1999] cautioned regarding the interpretation of 107 short climate records such as that of the NAO; he also found extra energy and peaks at 7-108 10 years and 2-3 years. 109
110
One of the limiting factors in analyzing the climatic signals of the GS system is 111 the limited/restricted length of the available data sets. The conventional Fourier 112 Transform (FT) approach is often inapplicable to short as well as gappy (spatially and 113 temporally) data sets, or when applicable, provides dubious results. Gangopadhyay et al. 114 [1989] suggested an alternative methodology for analyzing such oceanographic data sets 115 by using an autoregressive (AR) spectral analysis technique [Kay and Marple, 1981] . The 116 applicability of the AR methodology to finite-length time series is presented in the next 117 section. The observed variability in the GS system signatures is then described in Section 118 3 and compared with an analysis of the NAO time series. Section 4 presents additional 119 results from the 1/6-degree basin-scale ocean model of Chaudhuri et al. [2011] , which 120 allows us to understand the behavior of the GS for representative low and high NAO 121 periods. Finally, Section 5 discusses a number of possible reasons for the differences 122 between the eastern and western parts of the GS and presents a synergistic perspective to 123 account for these differences. 124 125
2.
Application of AR analyses to finite-length data sets 126 Gangopadhyay et al. [1989] that as the length of time-series decreases, the resolving power of AR method increases 133 considerably compared to that of FT method. Specifically, while for the longest data set 134 (98 points) the AR method performed slightly better (in identifying a sharper peak and 135 providing a smoother spectra) than the FT, for the short ones (17 and 55 points) the AR 136 method showed a dramatic improvement over conventional FT. 137 applying the AR technique are: selection of the model order, sensitivity of the spectral 139 peak locations to the selected order and determination of the confidence interval for the 140 resolved spectral peaks. We summarize the general results from that study here, and 141 address these particular issues for the GS indices and path series as applicable later in 142 Section 3. 143
There are several algorithms available to solve the model coefficients of an Auto-144
Regressive (AR) model [Press et al., 1986] . Although different statistical criteria, 145
including Final Prediction Error (FPE), Criterion Autoregressive Transfer (CAT) function 146 [Koslov and Jones, 1985] and the minimum description length (MDL) [Rissanen, 1983] 147 are available, Gangopadhyay et al. [1989] followed the subjective method of looking at 148 the "fall of reflection coefficients" in their analysis for selecting the order. They 149 maintained that this helped to identify real peaks in the signal. This subjectivity was 150 supported by two factors: (1) there is no consistent statistical criterion for short data sets 151 Kay, unpublished data, 1987] , and (2) the reflection coefficient sequence is related 152 to the model coefficient vector by so-called "step-up" and "step-down" algorithms 153 [Jackson, 1986] . However, as a rule of thumb, it is best not to choose an order greater 154 than N/3 and to restrict the orders to 4 or 8 with oceanographic data sets that are less than 155 100 points long. As explained later (Section 3), based on the nature of fall of reflection 156 coefficients and to be consistent in dealing with short but different data sets, we have 157 used an order of '8' to obtain the spectra from all of the presented time series. 158
Note that all of the time series spectrally analyzed in this study were standardized 159 in the following way so that their spectral estimates could be compared. First, each of the 160 series was divided by its standard deviation after the mean was removed. These 162 operations had the effect of transforming the data into a set of observations with unit 163 standard deviation (and zero mean, detrended) before applying the spectral analysis. 164
The confidence interval (CI) for spectral estimates by AR methodology is based 165 on approximate statistics and remains constant across the spectrum because of the form 166 of variance [Kay, 1988] . It depends on the factor (2p/N) 1/2 for a p th -order model of an N-167 point series. While there are rigorous methods for estimating the CI [Koslov and Jones, 168 1985 ], the energy level of the individual peaks can be used "subjectively" for qualitative 169 significance of the spectral signature. We followed the methodology described by 170 equation (6.4.20) of Jenkins and Watts [1968] (hereafter JW68), and the results are 171 described in section 3. 172
In this study, several spectral plots are analyzed. We have used the Burg [1977] 173 algorithm provided in the MATLAB scientific toolbox. Using the Bartlett window 174 formulation (Table 6 .6 of JW68), the number of degrees of freedom (ν) for an N-point 175 time series and a p-th order AR model is determined to be (3N/p). The requirement of 176 high CI demands large degrees of freedom or large sample size. Moreover, the shorter the 177 time-series (less degrees of freedom), the wider is the bound of the CI due to the 178 character of the t-distribution (see Figure 3 .10 of JW68). For the finite length (21 to 41 179 points) data sets presented herein, most of the spectral peaks are found to be significant at 180 90% CI except two, which are the 5-year peak for NAO (1966 NAO ( -2006 series, and the 5-181 year peak for the AVISO GS series for 60W. For this reason, we have presented both 182 80% and 90% CI bounds for all spectral plots presented in Figures 1, 3 and 4 below. 183
Low-frequency variability of the observed Gulf Stream system 184
In order to understand the low-frequency variation of the GS path, we analyzed 185 three different data sets available from different sources. These are: (1) 79˚, 75˚, 72˚, 70˚, 67˚ and 65˚W ]. Figure 1a in 800m (Tracey and Watts, 1985) , and the GS northern width is about 50 km 208 (Gangopadhyay et al. 1997 and the References therein) it is reasonable to assume that the 209 annual latitudinal excursion, which is on the order of 100-300 km (depending on 210 longitude, see Figure 2 ), is much greater than index error estimates. 211
For our analysis, we used the 8 th -order AR spectrum for spectral analysis of these 212 two indices for the common period of 1966 through 2006 (41 Years). Figure 1b shows 213 both of these spectra. Clearly, the 8 th -order AR spectrum of the TSI (dashed line) is 214 dominated by variability in the near-decadal (7-10 yrs) period. The 8 th -order AR 215 spectrum of the JQI (75-55W) shows (solid line) a near-decadal peak, with additional 216 energy peaking in the interannual (5 and 3 years) range. It is evident from Figure 1b that 217 the spectra from the two GS path indices differ in their peak time periods (8 and 3 years 218 for TSI; 8, 5 and 3 years for the JQI). As an aside, while a FT analysis of both the time-219 series (1966-2014, or their subsets -1966-2006 and 1993-2013) yielded similar peaks 220
(not shown), the smoother AR spectra resolved sharp peaks. 221
222
Since the composite index TSI was calculated from GSNW signature between 75° 223 and 65°W, while the composite Index JQI was computed from GS path locations between 224 75° and 55°W, we hypothesize that the apparent discrepancies in the spectra could be 225 explained if the GS behaved differently east and west of 60°W in response to large-scale 226 NAO-like forcing and other factors such as its internal variability and/or interactions with 227
Labrador inflow, topography etc. 228 path excursions at a number of longitudes as derived from AVISO SSH anomaly fields 231 over the last 21 years . Figure 2 presents the latitudinal excursions at 70°W, 232 65°W, 60°W and 55°W of the 50cm sea surface height anomaly annual time series. Note 233 the similarities of underlying temporal variability in path time series at 70°W (60°W) to 234 that of 65°W (55°W) and the difference between the paths west (Fig. 2, top panels) and 235 east of 60°W (Fig. 2, bottom panels) . Figure 3 shows the 8 th -order AR spectral estimate 236 for these four longitudes. It is evident from this figure that (i) the 2-3 years peak is 237 apparent at all longitudes; (ii) the near-decadal peak at 8 years is seen only for 70° and 238 65°W and is missing east of 60°W; (ii) the 5-year peak is seen for 65° and eastward, 239 while missing for 70°W (Fig. 3a) and for 74°W (not shown). The spectrum from AVISO 240 data at 50°W (not shown) is also very similar to those at 60° and 55°W. Note also that the 241 AVISO data set covers the range of longitudes used by TSI and JQI together, and as such 242
provides an independent confirmation of the longitude-based temporal variability of the 243
GS. 244
A note on the sensitivity of order selection for the above spectral analysis is 245 warranted here. Gangopadhyay et al. (1989) presented the sensitivity of the AR analysis 246 to the selection of AR order for the short data sets of STCZ (55 points) and wind energy 247 (17 points). The sensitivity to order selection was realized in hiding peaks for lower than 248 optimal order and inducing spurious peaks for higher than optimal order. As suggested in 249 that study, we used the fall of reflection coefficients technique for the optimal order 250 selection. From a 12-order initial AR model, we found that for the TSI and JQI, eighth 251 order was the right choice. However, most of the reflection coefficients for the AVISO-252 that Gangopadhyay et al. (1989) used the 6 th AR for analyzing their shortest (17 point) 254 time-series. Thus, to be consistent with the order of the GS Indices analysis, we presented 255 the eighth order AR spectra for all cases. In addition, Figure 3 presents the 6 th (dash line) 256 order spectra for the shortest data set (AVISO) to show the sensitivity of order selection. 257
As expected, the 6 th order spectra shift the peaks only slightly, while the 4 th order spectra 258 hide the higher frequency peak (not shown). Note that all of the spectra (4 th , 6 th or 8 th 259 order) captured the 7-10 year peak for 70 and 65W, and resolved the 5-year peak for the 260 60 and 55W GS path time-series. As seen in Figures 1 and 3 , all of the GS peaks (at near-261 decadal and 5-year periods) are significant at the 90% CI or more except the 5-year peak 262 for the AVISO data at 65W, which is significant at least at the 80% CI. 263
264
As mentioned in the introduction, we now investigate how such changes 265 of behavior in the response of the GS might be related the atmospheric forcing, 266
represented by the NAO index. While this is not the only factor that influences the GS 267 position, it is the dominant pattern of atmospheric change over the North Atlantic and so 268 may provide a guide to the appropriate time-scales. The winter NAO index time series 269 over the analysis period ) is shown in Figure 4a . These winter indices (DJFM) 270 for the NAO were obtained from http://www.cru.uea.ac.uk/~timo/datapages/naoi.htm, 271 which was based on the study by Jones et al. (1997) . Note that spectral peaks obtained 272 from the data on the UCAR site 273 (https://climatedataguide.ucar.edu/sites/default/files/climate_index_files/nao_station_djf 274 m.ascii) are very similar. Figure 4b shows the NAO spectrum for the limited time series 275 3 years) time periods. These peaks match the results obtained by Wunsch (1999) . 277 Similar peaks are also obtained for the spectra of the NAO time series from 1993 to 2013, 278 the time-period for the AVISO analysis (see Fig. 4c ). The above results for peak 279 significance and the very nature of the difference in the time-series presented in Figure 3 , 280 demonstrate that the evidence for the spectral peaks at near-decadal and 5-year is very 281 strong along the GS and in the NAO series. 282
To summarize the different spectral components in the above force-response 283 analysis, we first note that the NAO index shows a clear near-decadal (7-10 year) peak 284 and two other (5 and 3 years) interannual peaks. Second, it is clear from the AVISO-285 derived individual longitude position spectra that the near-decadal (8 years) peak is found 286 west of 65°W, but is missing to the east of 65°W; while the presence of a 5-year peak to 287 the east of 60°W is curious, the 3-year peak is seen all along the GS path. Finally, while 288 the JQI (75°-55°W index) spectra peaked at all NAO periods (8, 5, and 3 years), the TSI 289 (75-65°W) spectra only peaked at 8-and 3-year periods. These different peak 290 distributions are summarized in Table 1 . 291
The above results suggest that the response time-scales of the GS system are 292 changing alongstream, starting from about 65°W. In the next section we examine an 293 independent data set, the output of a basin-scale high-resolution North Atlantic 294 circulation model [Chaudhuri et al., 2011a,b] . 295
The observed difference of the GS response along its path (analyzed above) is also 300 supported by recent results from our basin-scale modeling effort in the North Atlantic 301 [Chaudhuri et al., 2011a,b] . Two parallel 15-year long simulations (forced with either 302 high or low NAO conditions of wind and heat) were carried out to understand to study 303 the response of the GS to climatological (or persistent) high and low-NAO conditions. 304
The physical modeling component is based on ROMS (Regional Ocean Modeling 305 System), which was developed and modified by Rutgers University [Song and Haidvogel, 306 1994 ], UCLA and NASA/JPL scientists. Recent modifications include subgrid-scale 307 parameterizations [Gent and McWilliams, 1990; Danabasoglu et al., 1994; Griffies et al., 308 1998 ] and sigma-coordinate pressure-gradient error reduction [Shchepetkin and 309 McWilliams, 2003] . The North Atlantic region is simulated at 1/6 o horizontal resolution 310 and 50 vertical levels. The initial fields for the model, including temperature and salinity, 311 are configured for the North Atlantic grid using Levitus climatology. 312
313
Detailed description of this model, its skill assessment and relevant results were 314 presented in Chaudhuri et al. (2011a,b) . A major goal of this effort was to study the mean 315 response of the GS to representative low-and high-NAO condition/forcing. This model 316 was able to realistically reproduce the GS path (Chaudhuri et al., 2011a) and was then 317 used to study the impact of Labrador slope/shelf water during high/low NAO periods on 318 the path (Chaudhuri et al., 2011b) . 319
One success criterion for the 15-year long high-and low-NAO simulations was to 320
reproduce the high-NAO vs. low-NAO behavior of the GSNW path, where the GSNW 321 o and 12 o isotherms, respectively, at 3-day intervals. The 327 respective isotherms are subsequently integrated over depth and averaged annually for 328 low-and high-NAO simulations to obtain the respective mean GS positions (see Fig. 5 ). 329
The simulated mean GS position is observed to be northward (southward) during 330 persistent high (low) NAO phases, in agreement with previous work by Taylor and 331
Stephens (1998) and by Taylor and Gangopadhyay (2001) . It is clear from Figure 5 that 332 this tendency of the simulated GS path is significantly realized only up to the 65-60°W 333 region, indicating that the decadal response of the GS west of 65°W can be attributed to 334 the integrated effects of the NAO-like wind forcing. However, to the east of 60°W, where 335 the simulated paths overlap considerably, the amplitude of the variability (shaded regions 336 around the blue/red line in Fig. 5 ) is much higher in both high-and low-NAO simulations 337 than those to the west of 65°W. To the east of 65°W, the Stream responds with more 338 high-amplitude meandering, due to several additional processes, such as the impact of the 339 New England seamounts, the advection from the Labrador Sea, ice melt and the impact of 340 the Icelandic Low. The region between 65° and 60°W behaves like a transition region in 341 the simulations, changing regimes from a wind-driven, low-variability response region on 342 the west to a mixed-response, high-variability response of the GS path. 343
Discussion 345
The foregoing analyses suggest that during the last four decades, the GS system 346 has behaved differently along its path from 75°W to 55°W. Specifically, to the west of 347 60°W, the dominant variability includes time-scales of 8 and 3 years; while to the east of 348 60°W, the dominant variability includes 5-and 3-year time-scales. However, based on 349 the confidence intervals presented for the spectra in Figures 1 and 3 , the 2-3 year time-350 scale should be interpreted with reservations from this annual time-series analysis. We 351 thus focus on the more significant peaks -8 years to the west of 65°W, and 5 years to the 352 east of 60°W. 353
In this section, we reflect on the probable causes of these differences, which must 354 be related to the evolution of the dynamics of meandering along the path of the Stream. 355
We propose a synergistic view, which follows the work of Stommel [1987] , and is 356 supported by our foregoing analysis (Figure 6 ). We designate three different regimes of 357 variability of meandering along the GS after separation. 358
First, let us consider the region between the separation point and 65°W. Here the GS 359 path behavior might be dominated by integrated basin-wide wind effect, which forms the 360 western boundary current and thus can be related to the NAO signal both at the near-361 decadal period and at the 2-3 year band. In particular, Chaudhuri et al. [2011b] found that 362 after the GS separates from the coast, diminished GS transport is seen (along with 363 southern latitudinal excursion) during low-NAO periods, which are accompanied by a 364 weak DWBC, weak northern gyre and weak southern gyre recirculation. The converse 365 was true for the high-NAO phases. 366
from the Labrador region (and related to NAO periods). Results from the Eden and 369
Willebrand [2001] model suggest that enhanced heat loss due to severe winters witnessed 370 in the Labrador Sea during high NAO periods result in stronger convection activity. 371
These convection events are seen to induce baroclinic boundary wave-like structures 372 travelling southwards into the sub-tropical gyre and the GS system with time-scales of 6-373 8 years. The enhanced thermohaline circulation follows the crest of the baroclinic 374 boundary wave. Thus influence of the western GS system as seen from our study could 375 be in response to NAO-induced southward-travelling baroclinic boundary waves with 376 timescales of 6-8 years. 377 378 Second, the region between 65-60°W which can be considered as a "transition" or 379 "mixed-response" zone, where the wind-driven response to the west transitions to (and 380 combines with) large-amplitude meandering variability to the east. Incidentally, this 381 region overlies the New England Seamount Chain (NESC), which extends almost 800 km 382 from Bear seamount near Massachusetts (67W, 40N) to the Vogel seamount (60W, 37N), 383 with multiple high seamounts such as Kelvin and Manning seamounts in between. The 384 interaction of the GS meandering with this geologic feature which rise to about 1500 m at 385 certain places is yet to be fully explored. Note also that the EOF analysis by Joyce et al. 386 [2001] did not show any contribution to the lowest EOF mode to the east of 60°W. To the 387 east of 60°W, this near-decadal signal is absent, and a new 4-5 year signal is observed. 388
While a similar 4-5 year peak is observed in the NAO spectrum (Figure 4b path. This would further support the idea that the impact of LSW advection is probably 397 limited to the surface layers and in the slope sea near the Grand Banks region north of the 398 eastern section of the GS system. Thus, the response of the GS to the east of 60°W might 399 be more influenced by the Labrador flow modified by the Icelandic Low, ice melting 400 from the arctic and other sub-arctic processes (interannual variability). 401 Furthermore, it is well known that the baroclinic recirculation to the south and the 403 barotropic recirculation to the north add transport to the GS up to 60˚W [Hogg, 1992; 404 Gangopadhyay et al., 1997; Chaudhuri et al. 2011a,b] . This additional transport helps 405 maximize the GS transport near 60°W (to about 150 Sv from about 90 Sv at Hatteras, 406 near separation), east of which the transport diminishes as the sub-basin-scale gyres 407 extract mass from the GS to feed themselves in the recirculation process. Thus, one 408 would expect that the behavior of the GS meandering to the west and to the east of 60°W 409 might be somewhat different. Also, the GS interaction with the NESC [Cornillon et al. 410 1986] between 65°-60°W results in large-amplitude meandering eastwards. It is possible 411 that the energy of meandering from the western side of the seamounts gets partitioned in 412 a preferred way to result in the additional peak seen in the eastern (60-50W) spectra. 413
In summary, on the basis of the foregoing analyses, we hypothesize that (1) the 416 near-decadal (~8 years) variability is a distinct feature of the GS system from 75° through 417 65°W and might be related to the NAO via integrated wind effects; and (2) to the east of 418 60°W, the GS responds with a different dominant interannual time-scale of ~5 years, 419 which might be (speculatively, at this time) related to the Labrador inflow, to other 420 subpolar (ice-melts) processes and to large-amplitude meandering of the Stream itself 421 (due to its interactions with the New England Seamounts) in the east. Interestingly, the 422 nature of this temporal variability reflects both continuity and evolution of the GS 423 meandering path from Cape Hatteras to at least 50°W. Future work will entail testing 424 these hypotheses by conducting process based modeling experiments. Table 1 . Summary of spectral analysis from time series of GS indices, AVISO-derived paths and NAO. Note that the significance of the 2-3 year GS peaks is generally low.
Time Series
Periods of Spectral Peaks 7-10 years 4-5 years 2-3 years GS Composite Index (annual/ quarterly) (red) and low (blue) NAO simulations from the basin-scale ROMS setup. Note that (i) the mean simulated GS path between 75° and 65°W is northward (southward) during high (low) NAO periods, (ii) the simulated variability (the shaded red/blue regions around the mean path) is distinctly different west and east of 60°W for both simulations, and (iii) the region of 65°-60°W is a mixed-response, transition region.
Figure 6:
A synergistic perspective on the coupling between the Gulf Stream and the NAO. The GS (dark red line) is situated at the inter-gyre boundary between the subtropical and subpolar gyres. Its response is thus partly basin-scale wind-driven through long baroclinic Rossby waves (BRW), and partly influenced by buoyancy advection of Labrador Current and Labrador Sea/Slope Waters (LC/LSW) from the Labrador Sea region. While the Azores High directly sets up the wind-driven gyre, the buoyancy impact from the subpolar gyre is centered on the Icelandic Low, which are the two components of the NAO. Note the spread of New England Seamount Chain (NESCblue wiggly line) across the GS in the transition zone (65-60W), probably impacting/contributing to the changeover of temporal variability of the GS from west to the east. (red) and low (blue) NAO simulations from the basin-scale ROMS setup. Note that (i) the mean simulated GS path between 75° and 65°W is northward (southward) during high (low) NAO periods, (ii) the simulated variability (the shaded red/blue regions around the mean path) is distinctly different west and east of 60°W for both simulations, and (iii) the region of 65°-60°W is a mixed-response, transition region.
